(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(11) EP 0 864 364 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

16.09.1998 Bulletin 1998/38 

(21) Application number: 98301924.1 

(22) Date of filing: 13.03.1998 



(51) IntClA B01L 3/02 



(84) 


Designated Contracting States: 


(72) 


Inventors: 




AT BE CH DE DK ES Fl FR GB GR IE IT LI LU MC 


• 


Steele, Timothy P. 




NL PT SE 




Augusta, New Jersey 07822 (US) 




Designated Extension States: 


• 


Daniels, michael G. 




AL LT LV MK RO SI 




Denville, New Jersey 07834 (US) 


(30) 


Priority: 14.03.1997 US 818214 


(74) 


Representative: Ruffles, Graham Keith 








MARKS & CLERK, 


(71) 


Applicant: Becton, Dickinson and Company 




57-60 Lincoln's Inn Fields 




Franklin Lakes, New Jersey 07417-1880 (US) 




London WC2A 3LS (GB) 



(54) Method for programming an electronic pipetter 



(57) A method for programming an electronic pipet- 
ter to provide more precise measurement and dispens- 
ing is provided, as well as an improved display for dis- 
playing clearly and in detail the programming steps and 



options to the user thereof The electronic pipetter may 
be operated in one of five modes, including a manual 
mode, a quick-shot mode, a multi-dispense mode, a se- 
quent ial-dispense mode and a hands-free mode 
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Description 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The Invention is in the field of electronic pipetters. 
In particular, the invention relates to a method for pro- 
gramming an electronic pipetter. 

DESCRIPTION OF RELATED ART 

A conventional mechanical pipet is usually a small 
piece of apparatus with which fluids are transferred, 
measured, absorbed, etc., as in chemical operations. 
The simplest form is a narrow glass tube, such as an 
eyedropper, the liquid being drawn up into it by suction 
(aspiration) and retained by closing the upper end. The 
liquid can then be dispensed, in measured, equal frac- 
tional amounts, called aliquots. For example, if the pipet 
contains 25 ml of liquid, 8 aliquots of 3 ml of liquid can 
be dispensed, with 1 ml of liquid left over. 

More recently, a computer-controlled electronic pi- 
petter has been developed to aspirate and dispense var- 
ious liquid media through an attached pipette. This com- 
puter-controlled electronic pipetter has a user interlace 
consisting of a liquid crystal display (LCD) and program- 
ming keys. However the methodology for programming 
this pipetter is difficult to use, because the order of pro- 
gramming commands is neither intuitive nor easy to re- 
member, and the displayed aspirating and dispensing 
parameters required to be set or selected in any given 
programming step are often difficult to understand or 
ambiguous. This forces the users to rely extensively on 
product manuals to learn and relearn the correct pro- 
gramming methodology, especially when the user has 
not used the existing electronic pipetter in weeks or 
months. Moreover, because there is no intuitive pro- 
gramming methodology with respect to the complexity 
of the desired operational mode in the existing electronic 
pipetter, new users are often intimidated by the imme- 
diate complex programming requirements when first 
turning on the existing electronic pipetter, discouraging 
their further use of such a pipetter. In addition, the ex- 
isting electronic pipetter does not provide the user with 
a simple, single-parameter "quick-shot" programming 
mode or a multiple aspiration -dispensation "hands-free" 
operating mode. 

The information displayed on the LCD of the exist- 
ing electronic pipetter is generally limited to single let- 
ters or initials to indicate, in a non-intuitive fashion, the 
operational modes and status of the pipetter. Moreover, 
this LCD can only display a limited number of charac- 
ters, each corresponding to several control functions, 
thus creating ambiguities. The functions can only be dis- 
played one at a time, making selection of any one func- 
tion difficult. For example, the same characters are used 
to display the selected operating mode and to display 



the selected number of aliquots to be dispensed. When 
one of those two parameters is displayed, the other is 
not. If the user wishes to examine or reset the other non- 
displayed parameter, the user must switch between the 

5 displays, which is not only inconvenient, but is often dif- 
ficult since the user's fingers are usually otherwise oc- 
cupied conducting the pipetting operation. Further, the 
LCD of the existing pipetter simply does not offer any 
guidance on which programming step comes next when 

10 a sequence of steps must be entered. 

In summary, because of the above-described pro- 
gramming and display limitations in the existing elec- 
tronic pipetter, measurement and dispensing precision 
suffers, causing variability between the aliquots of dis- 

15 pensed liquid. Therefore, despite the current availability 
of an electronic pipetter with an LCD and keys for pro- 
gramming., there is still a need for a more user-friendly, 
easy-to-program electronic pipetter. In particular, there 
is a need for an electronic pipetter having an advanced 

20 programming methodology and an easy-to-understand 
display so that the user can more exactly and quickly 
control the electronic pipetter, which in turn provides 
more precise : repeatable measuring and dispensing of 
fluids. An improved electronic pipetter is especially 

2S needed by those users who prepare large numbers of- 
tissue cultures, in which aliquot precision and repeata- 
bility is absolutely demanded. 

SUMMARY OF THE INVENTION 

30 

It is an object of the present invention to provide a 
method for programming an electronic pipetter to pro- 
vide precise measurement and dispensing. 

It is another object of the present invention to pro- 
35 vide an improved display for displaying clearly and in 
detail the programming steps and options to the user of 
an electronic pipetter. 

In one aspect of the present invention, a manual 
mode of operating an electronic pipetter is provided, 
40 wherein a first operating button aspirates a fluid through 
an attached pipet and a second operating button dis- 
penses the fluid through the attached pipet. No pro- 
gramming is required for the manual operating mode. 

In another aspect of the present invention, four pro- 
45 gramming modes are provided, wherein the operator 
programs the pipetter through a plurality of program- 
ming keys electrically connected to the computer, and 
is guided by information presented on an LCD display. 
These four programming modes include a quick-shot 
50 mode, a multi-dispense mode, a sequential-dispense 
mode and a hands-free mode. The operator programs 
the desired mode and the modes' operating parameters, 
which may include pipet size, dispensing aliquot vol- 
ume, number of aspiration/dispensing cycles, and vari- 
55 ous time delays. 

In yet another aspect of the present invention, a 
memory is also provided to store the programmed op- 
erating parameters of the multi-dispense mode, a se- 
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quential-dispense mode and a hands-free mode. The 
stored parameters may be retrieved by the operator to 
enable operation without reprogramming. 

BRIEF DESCRIPTION OF THE DRAWINGS s 

These and other features and advantages of the 
present invention can best be understood by reference 
to the detailed description of the preferred embodiments 
set forth below taken with the drawings, in which: 

Fig. 1 is a side view of an electronic pipetter and its 
charging components. 

Fig. 2 depicts programming keys and LCD display 
of the present invention. 

Fig. 3 is a table of the LCD symbols used in the 
present invention. 

Fig. 4 is an exploded view of an electronic pipetter 
and its nosepiece assembly. 

Fig. 5a is a flow chart describing the operation of a 
first embodiment of the present invention. 

Fig. 5b is a flow chart describing the change of 
speed operations that may be used in all embodiments 
of the present invention. 

Fig. 5c is a flow chart describing the operation of a 
second embodiment of the present invention. 

Fig. 5d is a flow chart describing the operation of a 
third embodiment of the present invention. 

Fig. 5e is a flow chart describing the operation of a 
fourth embodiment of the present invention. 

Fig. 5f is a flow chart describing the operation of fifth 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The outside of the pipetter 100 includes a keypad 
with a plurality of programming keys 1 , a plurality of op- 
erating buttons 7 (preferably two), a handle for holding 
the pipetter 8, a nosepiece assembly 9 and an LCD dis- 
play 10, as shown in Fig. 1. The programming keys 1, 
operating buttons 7 and LCD display 10 are all electri- 
cally connected to a microprocessor computer internal 
to the pipetter. 

The microprocessor can be programmed, as dis- 
cussed in more detail below, by the operator via press- 
ing a sequence of programming keys, to control the as- 
pirating and dispensing operations of the pipetter. The . 
microprocessor generates signals to start and stop the 
aspirating and dispensing mechanism internal to the pi- 
petter. Aspirating and dispensing mechanisms are sub- 
stantially known in the art (see, for example, U.S. Pat- 
ents 5,505,097 and 5,343,769) and therefore will not be 
described further herein. The microprocessor generates 
the controls signals based on the operator-selected op- 
erating mode, the operator-selected aspirating and dis- 
pensing parameters and the pressing of the operating 
buttons. 

Two operating buttons 7 are located on the front 



handle 8 of the pipetter. Preferably, the top operating 
button is used to activate aspiration, while the bottom 
operating button allows for dispensing. In some of the 
automated modes of operation, however, either the top 
or bottom button may be used to activate the aspiration 
and dispensing operations. The operating buttons gen- 
erally only require a quick downward press and then im- 
mediate release by the operator to activate the pipetter. 

The programming keys 1 include, but are not limited 
to, (1 ) a mode key for selecting one of the available op- 
erating modes, (2) an enter key for entering all the pro- 
gramming information into the computer; (3) a down 
scroll key and (4) an up scroll key for scrolling through 
ranges of pipet sizes, dispensing aliquot volumes and 
aspirating and dispensing speeds, and for selecting a 
desired pipet size, aliquot volume or aspirating or dis- 
pensing speed; (5) a speed key to change aspirating 
and/or dispensing speed settings; and (6) an "oops" key 
for clearing one or more previous programming steps, 
as shown in Fig 2. 

An improved LCD 10, also shown in Fig. 2, provides 
numerous easy-to-understand, intuitive symbols 20, to 
both guide the operator when programming the pipetter 
and display the status of the pipetter. Some examples 
of the LCD symbols are shown in the table of Fig. 3_ 

The electronic pipetter preferably is used with vari- 
ous size nosepieces (5 ml and 10 ml), rubber inserts 
and various size disposable tips (5 ml and 1 0 ml) or plas- 
tic or glass pipets (1 , 2, 5, 10 or 25 ml). The nosepiece 
assembly 9 includes filter 3, rubber insert 4, and nose- 
piece 5 with graduation alignment marker 6, attached to 
the pipetter as shown in Fig. 4. To attach the nosepiece 
components, the operator press the nosepiece lock re- 
leasing means 2, such as a button, inserts the nose- 
piece 5 and rotates the nosepiece to the right. Rubber 
inserts and filters may be changed in the same manner. 
The rubber insert 4 enables the attached pipet or tip to 
fit securely in place, thus creating the proper vacuum 
level required for aspiration and reducing leakage. Filter 
3 protect the pipetter from accidental over-aspiration. 

The pipetter, including the microprocessor, program 
memory, and aspirating and dispensing mechanisms, is 
preferably powered by a rechargeable battery (NiCad, 
600mAh capacity, 4.8V), although other conventional 
power sources may be used. To recharge the recharge- 
able battery in the pipetter, an output plug 11 of a trans- 
former 1 2 is inserted into a charging base 1 3, as shown 
in Fig. 1 . The outlet prongs of the transformer are then 
inserted into an AC power supply (wall outlet 14), the 
input voltage of transformer being the same as the AC 
power supply voltage. A green light on the charging 
base indicates that power is being supplied to the charg- 
ing base. The pipetter is then inserted into the charging 
base to charge the rechargeable battery. Preferably, the 
pipetter is turned on at all times, even when being re- 
charged, since switching off the pipetter will cause any 
programs stored in the pipetters memory (see below) to 
be lost. In general, the pipetter should only be turned off 
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if it is being stored for more than one week. When fully 
charged, as indicated by the LCD display on the pipetter, 
the pipetter is capable of aspirating and dispensing a 
large number, for example. 500 cycles. When the bat- 
tery is almost discharged, the LCD will display a low bat- $ 
tery message to the operator, indicating the need to re- 
charge the unit. The pipetter should then be returned to 
the charging base, even though the pipetter is capable 
of additional use for a short period of time. 

The operation of the operating modes is briefly de- io 
scribed in the flow charts of Figs. 5a-5f , and in more de- 
tail below. 

In a first embodiment of the present invention, an 
electronic pipetter is provided that is capable of operat- 
ing in a manual mode (Fig. 5a). In this mode, the aspi- is 
rating and dispensing modes are controlled manually, 
similar to a mechanical pipetter, and no programming 
by the operator is needed. The operator removes the 
turned on pipetter from the charging base, which causes 
the computer to display a greeting, indicating that the 20 
pipetter is operational. Preferably, the pipetter defaults 
into this manual mode, thus making the simplest use of 
the pipetter the first operational mode. Thus, unlike ex- 
isting pipetters, new users will not be intimidated by any 
immediate complex programming requirements when 2s 
first turning on the electronic pipetter, and will thus not 
be discouraged from using the pipetter further. 

After the pipetter enters the manual mode, a "fill" 
symbol is displayed to encourage the operator to begin 
aspirating. At this time, the operator may wish to change 30 
the default speed of aspiration and dispensing. As 
shown in Fig. 5b, the operator may do this by pressing 
the "S" programming key, causing a blinking "up" arrow 
to be displayed together with a °SP?" (speed?) query. 
To change the aspirating speed, the operator simply 35 
presses the up scroll key to increase the speed, or the 
down scroll button to decrease the speed. After the de- 
sired aspirating speed has been selected, the operator 
presses the enter key. When a blinking "down" arrow is 
displayed, the dispensing speed may be changed in 40 
similar fashion to the aspirating speed. This change of 
speed capability is also available in the other operating 
modes of the present invention. 

The operator then submerges the attached tip or pi- 
pet into the liquid medium for aspiration. The operator 45 
then simply presses the aspiration operating (top) but- 
ton to cause aspiration. The computer then commands 
the aspirating mechanism to begin creating a vacuum, 
which sucks the liquid into the pipet. After the liquid has 
been sucked into the pipet, the operator removes the so 
pipet from the liquid. The operator then aims the pipet 
at, for example, the tissue culture petri dish, and dis- 
penses the aspirated liquid medium into the dish by 
pressing the dispensing operating (bottom) button. 
Pushing this button causes the computer to generate a ss 
command to the dispensing mechanism to begin dis- 
pensing the liquid out of pipet. Any excess fluid remain- 
ing in the pipet can be expelled or "blown-out" by press- 



ing the dispensing button a second time, which causes 
the computer to generate a command to the dispensing 
mechanism to mechanism out ai) remaining fluid. 

Aspirating and dispensing speed may be alterna- 
tively controlled by making the operating buttons sensi- 
tive to applied finger pressure. The change in finger 
pressure causes the computer to control the aspiration 
and dispensing speeds as follows: the harder the aspi- 
rating button is pressed, the higher the aspirating speed, 
and the harder the. dispensing button is pressed, the 
higher the dispensing speed. 

In a second embodiment of the present invention, 
as shown in Fig. 5c, an electronic pipetter is provided 
that is capable of operating in a manual aspirating, pro- 
grammed dispensing ("quick-shot") mode, in which the 
operator programs the pipetter to a desired aliquot vol- 
ume. This mode requires programming by the operator 
and is thus a little more complicated than the manual 
mode. It is thus preferably and intuitively provided as the 
second operating mode, after the default manual mode, 
to the operator. 

To enter the quick shot mode, the operator presses 
the mode key until the quick shot mode symbol appears 
on the LCD. The operator then presses the enter key to 
enter the quick shot mode into the computer. Next, the 
LCD asks the operator to program the dispensing aliq- 
uot volume. To locate the desired dispensing aliquot vol- 
ume, the operator presses the down or up scroll keys. 
After the operator has selected the dispensing aliquot 
volume, the operator presses the enter key to enter that 
information into the computer. This causes computer to 
display on the LCD the M fill M symbol, which tells the op- 
erator that the aspiration may begin. The operator then 
submerges the pipette into the liquid medium and aspi- 
rates the liquid medium by pressing the aspirating op- 
erating button as in the manual mode described above. 
Because aspiration is manually controlled, it is prefera- 
ble that the operator attaches a large pipet, such as a 
25 ml pipet, to the pipetter to match the largest volume 
that can be aspirated to prevent overfilling and wetting 
out of the filter. 

After the pipet is manually filled, the operator pref- 
erably keeps the pipet in the media bottle and presses 
the dispensing button once. This will dispense a small 
amount of fluid. The operator then removes the pipet 
from the media bottle. The LCD will now be caused to 
display the available number of aliquots. The operator 
then presses and releases the dispensing button to 
cause the computer to generate a control signal to the 
dispensing mechanism to dispense a single aliquot of 
the aspirated liquid. After each aliquot is dispensed, the 
LCD displays the remaining number of aliquots by de- 
ducting one aliquot from the last displayed number. After 
the last full aliquot is dispensed, the LCD displays a 
"blowout" symbol, and any excess fluid remaining in the 
pipet can be blown-out by pressing the dispensing but- 
ton one additional time as described above. 

In a third embodiment of the present invention, as 
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shown in Fig. 5d, an electronic pipetter is provided that 
is capable of operating in a programmed aspirating and 
dispensing ("multi-dispense") mode. The operator pro- 
grams both a desired pipet size and a required dispens- 
ing aliquot volume. This mode requires more program- s 
ming by the operator than the quick-shot mode and is 
thus a little more complicated than that mode. It is thus 
preferably presented as the third operating mode after 
the quick-shot mode, to the operator. 

To enter the multi-dispense mode, the operator 10 
presses the mode key until the multi-dispense mode 
symbol appears on the LCD. The operator then presses 
the enter key to enter the multi-dispense mode into the 
computer. Next, the LCD asks the operator to program 
the desired pipet size. To locate the desired pipet size, is 
the operator presses the down or up scroll keys. After 
the operator has selected the pipet size, the operator 
presses the enter key to enter that information into the 
computer. Next, the LCD asks the operator to program 
the dispensing aliquot volume. To locale the desired dis- 20 
pensing aliquot volume, the operator presses the down 
or up scroll keys. After the operator has selected the 
dispensing aliquot volume, the operator presses the en- 
ter key to enter that information into the computer. In 
addition, if at any time during programming the operator 25 
makes a mistake, or wants to change the selection, the 
operator simply presses the "oops" key, and then rese- 
lects and reenters the pipet size or dispensing aliquot 
volume. 

After the aliquot information has been entered into 30 
the computer, the computer causes the LCD to display 
the "fill" symbol, which tells the operator that the aspira- 
tion may begin. The operator then submerges the pi- 
pette into the liquid medium and aspirates the liquid me- 
dium by pressing either the aspirating button or the dis- 35 
pensing button. The computer now generates control 
signals to cause the aspirating mechanism to fill the pi- 
pet with the precise fluid volume automatically 

After the pipet is automatically filled, the computer 
will automatically compute and display the number of 40 
available aliquots. The operator then removes the pipet 
from the media bottle and presses and releases either 
the aspirating button or the dispensing button to cause 
the computer to generate a control signal to the dispens- 
ing mechanism to dispense a single aliquot of the aspi- 45 
rated liquid. After each aliquot is dispensed by repress- 
ing and rereleasing either operating button, the LCD dis- 
plays the remaining number of aliquots by deducting 
one aliquot from the last displayed number. After the last 
full aliquot is dispensed, the LCD displays a "blowout" so 
symbol, and any excess fluid remaining in the pipet can 
be blown-out by pressing the dispensing button one ad- 
ditional time as described above. 

In a fourth embodiment of the present invention, as 
shown in Fig. 5e, an electronic pipetter is provided that 55 
is capable of operating in a programmed aspirating and 
dispensing ("sequential-dispense") mode, in this mode, 
the operator programs the pipetter to individually dis- 



pense aliquots of various volumes, in any desired se- 
quence. This mode requires more programming by the 
operator than the multi-dispense mode and is thus a little 
more complicated than that mode. It is thus preferably 
presented to the operator as the fourth operating mode 
after the multi-dispense mode. 

To enter the sequential-dispense mode, the opera- 
tor presses the mode key until the sequential-dispense 
mode symbol appears on the LCD. The operator then 
presses the enter key to enter the sequential-dispense 
mode into the computer. Next, the LCD asks the oper- 
ator to program the desired pipet size. To locate the de- 
sired pipet size, the operator presses the down or up 
scroll keys. After the operator has selected the pipet 
size, the operator presses the enter key to enter that 
information into the computer. 

Next, the LCD asks the operator to program the first 
dispensing aliquot volume. To locate the first desired 
dispensing aliquot volume, the operator presses the 
down or up scroll keys. After the operator has selected 
the first dispensing aliquot volume, the operator presses 
the enter key to enter that information into the computer. 
Next, the LCD asks the operator to program the second 
dispensing aliquot volume. As before, to locate the sec- 
ond desired dispensing aliquot volume, the operator 
presses the down or up scroll keys. After the operator 
has selected the second dispensing aliquot volume, the 
operator presses the enter key to enter that information 
into the computer. The computer then causes the LCD 
to display a "done" symbol. The operator is now free to 
enter as many additional aliquot volumes, up to the pipet 
volume, by using the up scroll. key and enter key in suc- 
cession. Upon completing all the aliquot entries, the op- 
erator presses the enter key again to complete the pro- 
gramming sequence. As before, if at any time during 
programming the operator makes a mistake, or wants 
to change the selected aliquot at any time, the operator 
simply presses the "oops" key, and then reselects and 
reenters the dispensing aliquot volume. 

After all the aliquot information has been entered 
into the computer, the computer causes the LCD to dis- 
play the "fill" symbol, which tells the operator that the 
aspiration may begin. The operator then submerges the 
pipette into the liquid medium and aspirates the liquid 
medium by pressing either operating button. The com- 
puter now generates control signals to cause the aspi- 
rating mechanism to fill the pipet with the precise fluid 
volume automatically. 

After the pipet is automatically filled, the computer 
will automatically display the first programmed aliquot. 
The operator then removes the pipet from the media bot- 
tle and presses and releases either the operating button 
to cause the computer to generate a control signal to 
the dispensing mechanism to dispense the first aliquot. 
After the first aliquot is dispensed the LCD displays the 
second programmed aliquot, which in turn is dispensed 
by repressing and rereleasing either operating button. 
The third aliquot, if any, is then displayed and dispensed 
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in the same manner, and so on. After the last pro- 
grammed aliquot is dispensed, the LCD displays a 
"blowout" symbol, and any excess fluid remaining in the 
pipet can be blown-out by double clicking the dispensing 
button. 

In a fifth embodiment of the present invention, as 
shown in Fig. 5f , an electronic pipetter is provided that 
is capable of operating in a programmed aspirating and 
dispensing ("hands -free") mode. The operator pro- 
grams the pipetter to control media aspirations, dis- 
pense quantities and time delays that allow for pipet 
changing and pipet manipulation. The pipetter then per- 
forms these customized programming steps for up to a 
predetermined number of cycles. This even more com- 
plicated mode is presented to the operator as the fifth 
operating mode, after the sequential-dispensing mode. 
As should now be evident, the operating modes are pre- 
sented in the order of complexity from simplest to most 
difficult. In this way, the operator knows intuitively, with- 
out requiring any guidance from an operating manual, 
how complex any operating mode is. 

To enter the hands-free mode, the operator presses 
the mode key until the hands-free mode symbol appears 
on the LCD. The operator then presses the enter key to 
enter the hands-free mode into the computer. Next, the 
LCD asks the operator to program the desired pipet size. 
To locate the desired pipet size, the operator presses 
the down or up scroll keys. After the operator has se- 
lected the pipet size, the operator presses the enter key 
to enter that information into the computer. Next, the 
LCD asks the operator to program the dispensing aliq- 
uot volume. To locate the desired dispensing aliquot vol- 
ume, the operator presses the down or up scroll keys. 
After the operator has selected the dispensing aliquot 
volume, the operator presses the enter key to enter that 
information into the computer. Next, the LCD asks how 
many times, i e, cycles, the operator will need to aspirate 
and dispense. The operator selects the number of de- 
sired cycles by pressing the up scroll key. After reaching 
the desired number of cycles, the operator presses the 
enter key to enter that information into the computer. 

In this mode, the operator must select and enter a 
number of delays. The LCD first displays a "delA" sym- 
bol, which is a request by the computer to enter the time 
delay between cycles, that is, the time between blowout 
and the next aspiration. The cycle time delay should be 
long enough to allow the operator to change the pipet 
or tip for the next aspiration. The operator presses the 
up scroll key until the desired time delay is located, and 
then presses the enter key to enter that information into 
the computer. For example, the available time delay be- 
tween cycles may range from 1 second to 99 seconds. 
Usually 1 0 seconds is plenty of time to change the pipet. 
As the operator becomes more experienced changing 
pipets, the time delay can be reduced. After the cycle 
delay is entered, the LCD displays a "delY" symbol re- 
questing that the aliquot time delay between dispensing 
aliquots be selected and entered. This delay is pro- 



grammed in similar fashion as the cycle delay. Usually 
a 1 or 2 second delay is plenty of time to move from one 
tissue culture dish, vessel or welt to another. The LCD 
then displays a "bdly" symbol indicating that the blowout 

5 time delay between each pipet's last dispensing aliquot 
and blowout is to be selected and entered. This delay is 
programmed in similar fashion as the cycle and aliquot 
delays. Usually a I to 3 second delay is required to move 
from the tissue culture dish over tc the waste reservoir 

10 in which the blowout is emptied. 

After all the pipet, aliquot, cycle and time delay in- 
formation has been entered into the computer, the com- 
puter causes the LCD to display the "begin" symbol, 
which tells the operator that the first aspiration may be- 

is gin. The operator then submerges the pipette into the 
liquid medium and aspirates the liquid medium by press- 
ing either operating button. No other button thereafter 
requires pressing (hence the label "hands-free" mode), 
unless the operator wishes to pause or stop the opera- 

20 tion. The computer now generates control signals to 
cause the aspirating mechanism to fill the pipet with the 
precise fluid volume automatically. 

After the pipet is automatically filled, the computer 
will automatically display the remaining cycle count. The 

2S operator then removes the pipet from the media bottle. 
The computer generates a control signal to the dispens- 
ing mechanism to dispense automatically the desired al- 
iquots, at the programmed aliquot time delay between 
each aliquot, the operator moving the pipet or tip, for 

30 example, from well to well. After the last aliquot of the 
first cycle is dispensed, the operator moves the pipet or 
tip to the waste reservoir. The computer causes the dis- 
pensing mechanism, after the programmed blowout de- 
lay, to blowout the fluid remaining in the pipet into the 

35 waste reservoir automatically. The operator then, if de- 
sired,.changesthe pipet, and resubmergesthe pipet into 
the liquid medium. After the cycle time delay has ex- 
pired, the computer causes the aspirating mechanism 
to again fill the pipet with the precise fluid volume auto- 

40 matically. The remaining cycle count decrements by one 
and is displayed, and the next cycle is performed auto- 
matically by the pipetter, and this continues until the last 
blowout of the final cycle has occurred. At that point, the 
LCD displays the "begin" symbol to indicate that the pi- 

45 petter is ready for the next group of cycles. 

As before, any programming errors or changes in 
operating parameters may be done by the operator 
pressing the "oops" key, as described above. The oper- 
ator may pause the hands-free mode operation by 

50 pressing either operating button, and then restart the op- 
eration in the same manner. The operator may stop the 
hands-free operation by pressing both operating but- 
tons simultaneously. The LCD will show a "stop" symbol, 
and the operator presses either operating button to 

55 show the "blowout" symbol. If either operating button is 
pressed again, the computer will cause the dispensing 
mechanism to blowout any remaining liquid. 

A memory, such as RAM, is connected to the mi- 



6 



BNSDOCID: <EP 0864364 A2_l_> 



11 



EP 0 864 364 A2 



12 



croprocessor computer in a conventional fashion so that 
the operator can save the programmed parameters : es- 
pecially in the mu It i -dispense, sequential dispense and 
hands-free nodes. To store the programming parame- 
ters, the operator presses the mode key until the desired 
operating mode is reached. However, the operator does 
not yet press the enter key to enter the operating mode. 
Instead, the operator presses the up scroll key to enable 
the memory function. Of course, it is understood that an- 
other programming key may be provided to directly en- 
ter the memory programming mode. Next the operator 
selects a desired program number for the parameters 
to be entered. For example, the operator may select pro- 
gramming number 00 1 , 002 or 003 by using the up scroll 
button. The operator presses the enter key to enter the 
selected programming number. The computer will 
cause the LCD to request the desired pipet size. The 
operator uses the up scroll key to select the desired pi- 
pet size and presses the enter key to enter this param- 
eter into the memory. The computer will next cause the 
LCD to request the desired aliquot volume. The operator 
uses the up scroll key to select the desired aliquot vol- 
ume and presses the enter key to enter this parameter 
into the memory. AH other parameters, such as number 
of cycles, etc., may be selected and entered into mem- 
ory in this fashion. When all the parameters have been 
entered, the operator presses the enter key to complete 
the memory programming. 

To access the stored parameters, the operator 
presses the mode key, but does not press the enter key. 
The operator then presses the up scroll key to the de- 
sired program number, for example, 001, 002, or 003, 
and presses enter. The pipetter is activated by pressing 
either operating button, and will operate in accordance 
with the stored parameters. To change the programs 
stored in memory, the desired program is accessed as 
described above, but the program is not activated. The 
operator uses the "oops" key as described above to ac- 
cess the old parameter data, and selects and enters the 
new parameter data. When all the data has been 
changed, the operator then presses the enter key to 
store the changed program into memory. 

Of course, it will be appreciated that the invention 
may take forms other than those specifically described, 
and the scope ot the invention is to be determined solely 
by the following claims. 



Claims 

1. A method for manually controlling an electronic pi- 
petter comprising a first button tor aspirating a fluid 
and a second button for dispensing the fluid through 
an attached pipet, said method comprising the 
steps of: 

turning the electronic pipetter on; 

without any programming of the electronic pi- 



petter, submerging the pipet into the fluid; 
pressing the first button to cause the electronic 
pipetter to aspirate the fluid; 
removing the pipet from the fluid; and 
s pressing the second button to cause the elec- 

tronic pipetter to dispense the aspirated fluid. 

2. An electronic pipetter that is programmed according 
to the method of Claim 1 . 

10 

3. A method for programming an electronic pipetter 
comprising a computer for controlling the electronic 
pipetter, a first button for aspirating a fluid through 
an attached pipet, a second button for dispensing 
the fluid through the attached pipet, a plurality of 
programming keys to program the computer of the 
electronic pipetter and a display, said method com- 
prising the steps of: 

pressing a first programming key until a desired 
operation mode is displayed on the display; 
pressing a second programming key to enter 
the desired operation mode into the computer 
and cause the electronic pipetter to display an 
aliquot symbol on the display; 
pressing either a third programming key or a 
fourth programming key to select a desired al- 
iquot volume from a plurality of available aliquot 
volumes displayed on the display; 
pressing the second programming key to enter 
the desired aliquot volume into the computer 
and cause the electronic pipetter to display an 
aspiration symbol on the display; 
submerging the pipet in the fluid; 
pressing the first button to cause the electronic 
pipetter to aspirate the fluid and manually fill the 
pipet; 

removing the pipet from the fluid; and 
pressing the second button to cause the elec- 
tronic pipetter to dispense automatically the al- 
iquots of aspirated fluid. 

An electronic pipetter that is programmed according 
to the method of Claim 3. 

A method for programming an electronic pipetter 
comprising a computer for controlling the electronic 
pipetter, a first button for aspirating a fluid through 
an attached pipet, a second button for aspirating or 
dispensing the fluid through the attached pipet, a 
plurality of programming keys to program the com- 
puter of the electronic pipetter and a display, said 
method comprising the steps of: 

pressing a first programming key until a desired 
operation mode is displayed on the display; 
pressing a second programming key to enter 
the desired operation mode into the computer 
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and cause the electronic pipetter to display a 
pipet symbol on the display; 
pressing a third programming key to select a 
desired pipet size from a plurality of available 
pipet sizes displayed on the display; s 
pressing the second programming key to enter 
the desired pipet size into the computer and 
cause the electronic pipetter to display an aliq- 
uot symbol on the display; 

pressing either the third programming key or a 10 
fourth programming key to select a desired al- 
iquot volume from a plurality of available aliquot 
volumes displayed on the display; 
pressing the second programming key, to enter 
the desired aliquot volume into the computer is 
and cause the electronic pipetter to display an 
aspiration symbol on the display; 
submerging the pipet in the fluid; 
pressing either the first button or the second 
button to cause the electronic pipetter to aspi- 20 
rate the fluid and automatically fill the pipet to 
the desired pipet size; 
removing the pipet from the fluid; and 
pressing the second button to cause the elec- 
tronic pipetter to dispense automatically the al- 25 
iquots of aspirated fluid. 

6. An electronic pipetter that is programmed according 
to the method of Claim 5. 

30 

7. A method for programming an electronic pipetter 
comprising a computer for controlling the electronic 
pipetter, a first button for aspirating a fluid through 
an attached pipet, a second button for aspirating or 
dispensing the fluid through the attached pipet, a 35 
plurality of programming keys to program the com- 
puter of the electronic pipetter and a display, said 
method comprising the steps of: 

pressing a first programming key until a desired 40 
operation mode is displayed on the display; 
pressing a second programming key to enter 
the desired operation mode into the computer 
and cause the electronic pipetter to display a 
pipet symbol on the display; 45 
pressing a third programming key to select a 
desired pipet size from a plurality of available 
pipet sizes displayed on the display; 
pressing the second programming key to enter 
the desired pipet size into the computer and so 
cause the electronic pipetter to display an aliq- 
uot symbol on the display; 
pressing either the third programming key or a 
fourth programming key to select a desired al- 
iquot volume from a plurality of available aliquot ss 
volumes displayed on the display; 
pressing the second programming key to enter 
the desired aliquot volume into the computer 



and cause the electronic pipetter to display an 
aspiration symbol on the display; 
after a predetermined number of desired aliq- 
uot volumes have been selected and entered 
into the computer, pressing the fourth program- 
ming key to select at least one additional aliquot 
volume and pressing the second programming 
key to enter the at least one additional aliquot 
into the computer; 
submerging the pipet in the fluid; 
pressing either the first button or the second 
button to cause the electronic pipetter to aspi- 
rate the fluid and automatically fill the pipet to 
the desired pipet size; 
removing the pipet from the fluid; and 
pressing the second button to cause the elec- 
tronic pipetter to dispense automatically the al- 
iquots of aspirated fluid. 

8. A method for programming an eiectronic pipetter 
comprising a computer for controlling the electronic 
pipetter, a first button for aspirating a fluid through 
an attached pipet, a second button for aspirating or 
• dispensing the fluid through the attached pipet, a 
plurality of programming keys to program the com- 
puter of the electronic pipetter and a display, said 
method comprising the steps of: 

pressing a first programming key until a desired 
operation mode is displayed on the display; 
pressing a second programming key to enter 
the desired operation mode into the computer 
and cause the electronic pipetter to display a 
pipet symbol on the display; 
pressing a third programming key to select a 
desired pipet size from a plurality of available 
pipet sizes displayed on the display; 
pressing the second programming key to enter 
the desired pipet size into the computer and 
cause the electronic pipetter to display an aliq- 
uot symbol on the display; 
pressing either the third programming key or a 
fourth programming key to select a desired al- 
iquot volume from a plurality of available aliquot 
volumes displayed on the display; 
pressing the second programming key to enter 
the desired aliquot volume into the computer 
and cause the electronic pipetter to display a 
cycle symbol on the display; 
pressing the fourth programming key to select 
a desired number of aspiration/dispensing cy- 
cles; 

pressing the second programming key to enter 

the desired number of aspiration/dispensing 

cycles into the computer; 

submerging the pipet in the fluid; 

pressing either the first button or the second 

button to cause the electronic pipetter to aspi- 



8 



BNSDOCID: <EP 0864364A2J_> 



15 



EP 0 864 364 A2 



rate and dispense, automatically, the fluid for 
the entered number of cycles, wherein after the 
aspiration operation is completed for each cy- 
cle, the pipet is removed from the fluid, and af- 
ter the dispensing operation is completed for 5 
each cycle, the electronic pipetter dispenses 
automatically any excess aspirated fluid, and 
the pipet is resubmerged into the fluid for the 
next aspiration/dispensing cycle. 

10 

9. A method for programming an electronic pipetter 
comprising a computer for controlling the electronic 
pipetter, a first button for aspirating a fluid through 
an attached pipet, a second button for aspirating or 
dispensing the fluid through the attached pipet, a is 
plurality of programming keys to program the com- 
puter of the electronic pipetter and a display, said 
method comprising the steps of: 

pressing a first programming key until a desired 
operation mode is displayed on the display; 
pressing a fourth programming key to select a 
desired program number corresponding to pi- 
pet size and aliquot volume information that has 
been previously stored in a memory in the elec- 
tronic pipetter; 

pressing a second programming key to enter 
the selected program number intothe computer 
to retrieve the pipet size and aliquot volume in- 
formation from memory; 
submerging the pipet in the fluid; and 
pressing either the first button or the second 
button to cause the electronic pipetter to aspi- 
rate and dispense, automatically, the fluid, ac- 
cording the pipet size and aliquot volume infor- 
mation retrieved from memory. 

1 0. An electronic pipetter that is programmed according 
to the method of Claim 9. 
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